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Popular Summary

There is growing evidence that our climate is changing at an unprecedented
rate. Some of the change is natural; some is attributed to changes in
atmospheric pollution from human emissions (e.g., factories and cars).
Scientists have studied climate change for the last two centuries, but the most
significant progress has been made in the last 100 years. Since the
revolutionary solar and lunar spectral measurements made by Langley, and
Arrhenius' first estimates of the effects of greenhouse gases on climate, we
have a much better understanding of how gases emitted from cars and fires
can raise global temperatures. But we still do not completely understand
climate; nor can we predict how it will evolve in the future without
measuring the numerous rapid impacts of humans on our planet, as well as
the natural changes that occur. To study how climate will change, we need to
measure the concentrations of pollutants in the atmosphere, observe the
changes in land and marine vegetation as temperatures change, quantify
emissions from volcanic activity, etc. In short, we need to globally observe
and assess how processes and parameters in the Earth's atmosphere, lands,
and oceans all interact to change climatic and environmental conditions; and
to distingush those trends that are natural from those that are human-
induced.

Next year NASA will launch the first in a series of Earth Observing System
satellites, called EOS AM-1. This satellite, and others that follow, will orbit
the earth and collect data on the physical state of the planet. EOS AM-1 will
enable scientists to monitor how atmosphere, lands, and oceans change every
day on a global scale. Additionally, scientists will compare how these
processes and parameters change over time, thereby ascertaining how they
affect each other. In this sense, EOS AM-1 will repeat Langley's experiment,
but for the entire planet, thus pioneering novel observations from space.
Conceived in response to real environmental problems, EOS AM-1, in
conjunction with other international satellite efforts, will fill a major gap in
current efforts by providing information using new technologies that can
revolutionize climate research. It is anticipated that EOS will inspire a new
generation of climate models to assess the human impact on the
environment. In this review article submitted to Science, we first list the
series of discoveries during the last century that set the stage for EOS AM-1.
Then we describe how the trillions of bits of EOS AM-1 data will take us
further towards our ultimate goal of understanding how Earth's climate will
evolve in the next century.
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ABSTRACT

Langley's remarkable solar and lunar spectra collected from Mt. Whitney inspired
Arrhenius to develop the first quantitative climate model in 1896. In 1999, NASA'’s
Earth Observing AM Satellite (EOS-AM) will repeat Langley’s experiment, but for
the entire planet, thus pioneering calibrated spectral observations from space.
Conceived in response to real environmental problems, EOS-AM, in conjunction
with other international satellite efforts, will fill a major gap in current efforts by
providing quantitative global data sets with a resolution of few kilometers on the
physical, chemical and biological elements of the earth system. Thus, like Langley’s
data, EOS-AM can revolutionize climate research by inspiring a new generation of
climate system models and enable us to assess the human impact on the

environment.

1. Introduction

The comprehensive spectral imaging of the planet by the new observing
system, raises the intriguing metaphor of a check-up for the planet with worrying
signs of the impact of its most influential inhabitants - humans (1), that tripled their
population just in the last century (Fig. 1). While we can only speculate on human
impacts on climate, we do have a general sense of our use of the planets resources:

The land - we use 40% of it, affecting its radiative, hydrological and biochemical



properties. The atmosphere - we have changed its composition, chemistry and
radiative properties by increasing the concentration of natural greenhouse gases
(CO2, CHy) at an unprecedented rate. We generated new greenhouse gases -
chloroflurocarbons, CFCs, that also threaten the protective stratospheric ozone layer.
We increased the concentration of pollutants, including smoke and
urban/industrial "sulfate" aerosol, and changed atmospheric chemistry by

increasing the harmful tropospheric ozone in polluted regions.

What is the purpose of this new observing system in space? The earth system
is driven by slowly varying (greenhouse gases) and rapid processes: cloud radiative
forcing, soil moisture, vegetation feedback to increased CO; concentration, oceanic
chlorophyll variability among many others. Models that attempt to simulate
climate from “first” principles, e.g. GCMs, have difficulty in accounting for the fast
processes due to lack of global data, low model resolution and complexity of the
physical/chemical / biological processes. For example, the simulated temperature
change for the last century was about twice as large as the climate record, after
accounting for the increase in concentration of greenhouse gases. By adding only the
direct radiative forcing of sulfates, the discrepancy nearly "disappeared” (2). But
other equally important parameters (e.g., vegetation effects, clouds, ocean heat
transport) are still not properly accounted for. To fill this gap, models need high
quality data to initialize and validate their performance. Some earth processes, e.g.
the chemical complexity of aerosols, may be beyond the reach of models for decades
to come. However, they can be directly estimate from EOS-AM and used in tandem

with simpler models to assess the impact on climate.

EOS-AM is designed to perform a complete check-up of the earth through global

characterization of its parameters and processes from space. Space observations have



been collected for the last two decades, but they lack the spectral bands, angular
sampling and accuracy of calibration. EOS-AM, a unique tool for integrating wide
array of observations from a single point in space and time, was developed to
answer this need. Never flown before, EOS-AM with its 5 scientific instruments on

board will for the first time:

. Measure the variability in the reflected solar energy and emitted terrestrial
energy with simultaneous characterization of the interaction among biota, air

pollution, water vapor and clouds that shape the radiation field.

. Deploy spaceborne observation capability in 50 tested and new spectral bands
with multiangle and stereo vision to test hypotheses related to the Earth system for
which we have no adequate tools, e.g. the impact of air pollution on clouds and the
hydrological cycle or the impact of increase in CO; concentration and air
temperature on the ability of land and oceanic biota to absorb CO; from the

atmosphere.

. Map with unprecedented accuracy and spatial resolution the earth geological
structure, surface vegetation, atmospheric composition and oceanic productivity as a

basis for future detection of change, and to initiate climate models.

. Provide accurate records of the ocean and land temperature, simultaneously
with vegetation productivity, humidity and cloudiness to assess the global impacts

of climate seasonal variability such as El-Nino.

. In a short response time provide detailed measurements of hazards and their

impacts - fires, volcanoes and floods.



In this article we first list the series of discoveries during the last century that
set the stage for EOS and then describe how the trillions of bits of EOS-AM data can
take us further towards our ultimate goal of understanding how the various

components of our planet interact to maintain the environment.

2. Historical perspective

Climate and the greenhouse effect was a major research topic already in the
early 19th century (3). Fourier (4) suggested in 1824, that the atmosphere behaves
like the transparent glass cover of a box exposed to the sun by allowing sunlight to
penetrate to the Earth’s surface and retaining the longwave radiation (“obscure
radiation”) from the Earth’s surface. By about the mid-nineteenth century, the
pyrheliometric observation of Pouillet (5) and especially the ingenious laboratory
experiments of Tyndall (6) demonstrated the selective spectral absorption of

longwave radiation by atmospheric water vapor and CO».

Accurate atmospheric solar and infrared (IR) transmission observations were
needed to extrapolate laboratory data to atmospheric conditions and construct
greenhouse models of the atmosphere. Langley (7) invented the Bolometer
radiometer to fill the void. Langley’s observations enabled Arrhenius (8) to develop
a model for the surface-atmosphere radiation budget and temperature change in
1896, thus initiating the quantitative phase of global warming research. Studies
aimed at relating CO; variation to surface warming received significant impetus
with the publication of Callendar’s paper (9) in 1938, which concluded that
atmospheric CO; concentration began increasing due to fossil fuel combustion since

the 1900s, and that, this increase would warm the globe by about 0.03°C per decade.



Series of serendipitous developments significantly broadened the scope of the

climate problem beyond that of COs.

The discovery during the mid-1970s to mid-1980s, that there are several other
greenhouse gases (e.g., CFCs, CHy, N7O, tropospheric Ozone) whose cumulative
effect rivaled the greenhouse effect of anthropogenic CO», significantly
enhanced the importance and the urgency of global warming (10). It also
brought atmospheric chemists into the mainstream of global warming

research.

The convincing demonstration of the CO; increase by Keeling (11) and the
GCM simulation of global warming of about 4K due to doubling of CO; (12),
made it clear by the mid 1980s that serious policy options to regulate the
increase of greenhouse gases must be explored. The global nature of the
problem demanded an international consensus and the unprecedented
Intergovernmental Panel on Climate Change was established in the late 1980s

under the chairmanship of B. Bolin.

The discovery during the 1970s and 80s, from chromatographic analyses of the
gases trapped in east Antarctic (Vostok) ice cores, of the large CO> increase from
about 170 ppm during the last glacial maximum (LGM) to about 260 ppm in the
present Holocene provided great impetus for geochemists and paleo-

climatologists to get into global warming research (13).

Precise measurements of the seasonal cycle and the annual trend in

atmospheric concentration of COj, beginning late 1950s, revealed that only 50%



of the anthropogenic CO; not taken up by the atmosphere, can be accounted for
by oceanic uptake. Extra-tropical land biota is emerging as the likely candidate
for the missing CO; (14). The large unanswered questions in the bio-geo-
chemical cycling of anthropogenic CO; and the potential effects on marine and
terrestrial biota brought chemistry and biology of marine and terrestrial

environments as important disciplines of climate change.

In the late 1970s it was suggested that a positive feedback between atmospheric
circulation and the dependence of surface albedo on soil moisture, may be the
fundamental cause for desertification in regions such as Sahel. Deforestation
exposes the soil; the brighter soil reflects more solar radiation and the cooling
of the column induces sinking motion which dries the surface and makes it
even more brighter. Ecologists and those working on land surface processes

including hydrology and vegetation were entrained as a result (15).

Aerosol forcing emerged as a key climate change component causing the largest
uncertainty in radiative forcing of climate (16). Anthropogenic aerosol particles
from biomass burning and urban/industrial emissions scatter and absorb solar
radiation and serve as cloud condensation nuclei (CCN) determining the cloud
microphysics and interaction with sunlight, possibly even cloud fraction and
precipitation (17). They are suspected to reduce the present global warming in a
spatial pattern that may be eventually used as a fingerprint for detecting the
response of the climate system to the greenhouse and aerosol effect (18).
Stratospheric aerosol, from Mount Pinatubo eruption was predicted and later

proven to cool the Earth (19).



*  El-Nino: The anomalous warming of the central and eastern equatorial Pacific,
is suspected to cause floods and soil erosion in California and droughts and
fires in Africa, Indonesia, Brazil, Australia and recently Mexico and Florida.
The El-Nino of 1997/98 was an important reminder that ocean-atmosphere
interactions can dominate regional climate changes in ways that are not

captured in current climate model scenario.

It became clear that the term “Global Warming” had to be modified to reflect
the interests of the large community of geo-scientists, and a new term: “ Global
Change”, was introduced in the late 1980s. It is in this context of a rapidly evolving
field, drawing several disciplines into its fold, with each development enhancing
significantly the value of the research to society, that we can understand the
intellectual and political environment that helped create a big and broad program
like EOS. The reluctance of the political establishments to take unpopular actions in
the presence of large scientific uncertainty provided the impetus for funding a

comprehensive evaluation of the Earth system.

3. EOS-AM instrumentation and objectives

EOS-AM MISSION

Provide a wide array of highly precise measurements from a single point in
space that will be used for simultaneous mapping of global distribution of key land,
ocean and atmospheric parameters: aerosol and their properties; clouds, their
microphysics, optical and thermal 3-D structure; fires, their strength and emission of
aerosol and trace gases; temperature of surface and air; trace gases; water vapor; bio-

productivity of land and oceans and control by humans; snow and ice; and the



radiative forcing of these parameters. The measurements form the first

comprehensive check-up of the Earth and initialize a long term precise monitoring

of the health of the planet, the human impact, and climate variability. By taking

these measurements simultaneously in space and time EOS-AM will enable process

studies of the Earth system:

Deforestation and land use effect on the vegetation cover, surface albedo,
carbon budget, atmospheric composition and hydrological cycle.

Urbanization effect on atmospheric composition, vegetation and hydrological
cycle.

Aerosol from urban/industrial emissions and biomass burning effect on
cloud microphysics, reflectance and precipitation.

Dust due to land use and climate variability effect on atmospheric stability
and oceanic productivity.

Land and oceanic productivity effect on atmospheric composition.

Oceanic productivity effect on cloud properties through DMS originated
aerosol.

Cloud and water vapor role as feedback mechanism in climate change.

Sea surface temperature seasonal variation effect on cloudiness, cloud vertical
distribution, precipitation, droughts, continental vegetation, albedo, fires and

dust production.

INSTRUMENTATION

The last two decades have witnessed a major revolution in the technology of

detection and signal processing. EOS-AM as part of the Earth Observing System,

following the recently launched TRIMM and SeaWiFS missions, takes advantage of

this new technology, in parallel to advances in space observations by the ADEOS



series lead by Japan and ATSR and ENVISAT lead by Europe. EOS-AM, an
American lead mission, assembled state of the art space instrumentation developed
in Canada, Japan and the US with a diverse computer and software capability to
analyze the data. Landsat 7 mission will be launched in a coordinated orbit with

EOS-AM for an orchestrated observation of the Earth system.

EOS-AM will have an equatorial crossing time of 10:30 AM followed by a PM
platform at year 2000 at 1:30 pm crossing time for a better representation of the
diurnal variability. EOS-AM houses five instruments for simultaneous geolocated
measurements and for intercomparison of the new measurements techniques. Due
to the seasonality of climate, the measurement period should be at least a full year.
However, due to the multitude of nonlinear processes, statistical requirements call

for at least a 5 year observation period, a "snap-shot" in earth history.

Payload:

The five instruments represent a variable selection of spatial and spectral
resolutions in order to observe the different scales of parameters and processes in

the Earth system. Table 1 summarizes the instruments' key features.

What is new in EQS-AM ?

. EOS-AM platform: EOS-AM is the first large array of scientific instruments in
space designed for comprehensive simultaneous observations of the land - ocean -
troposphere. EOS-AM represents the transition from imaging the earth with semi-
qualitative instruments with partial characterization and poor calibration (e.g., 15

years of AVHRR, TOMS and GOES/METEOSAT data) to scientific measurements



extensively characterized and calibrated before launch and during the flight. The
moon will be used as the most stable radiometric calibration target to intercompare

instruments on EOS-AM and compare them with future space instruments.

. MODIS is central to the mission: (i) along with CERES it will monitor the
aerosol and cloud radiative forcing; (ii) with MISR the terrestrial vegetation, oceanic
biota, aerosol and cloud properties; (iii) with MOPITT emissions of pollutants; and
(iv) with ASTER soils, vegetation and cloud structure. MODIS will carry a new 1.37
um channel 10-100 times more sensitive to cirrus clouds detection (Fig. 2a); 1.2 um
channel for snow structure; daily global 250 m channels for vegetation dynamics
and identification of small clouds; global daily coverage with 7 solar spectral bands
for mapping vegetation properties and for aerosol retrieval over ocean and land;
chlorophyll fluorescence bands for estimation of oceanic productivity; unsaturated
bands for fire characterization; thermal channels for 1 km resolution temperature
profile, cloud top temperature and 2 level water vapor; near-IR bands for direct
measurements of total precipitable water vapor; two mid-IR channels for cloud

droplet size.

. CERES: combination of a cross track scanner and rotating base radiometer to
characterize wide range of view angles for precise cloud radiative forcing and energy

balance in the solar and IR parts of the spectrum.
. MISR: Simultaneous nine angle views at 270 m to 1 km for characterization

of surface cover (Fig. 2¢), aerosol and clouds at four spectral channels (A<0.9 um);

stereo vision for height identification.
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MOPITT: first global CO maps in three layers with high spatial resolution of

22 km, first global CH4 maps with same spatial resolution.

ASTER: Thermal channels used together with visible and near-IR channels,

designed for high resolution (15-90 m) stereo vision of geological features (Fig. 2b).

4. The role of EOS-AM in climate research

During the last two decades space observations have been used to provide

new insights into several outstanding climate issues. We will describe EOS’ role in

climate research in the context of the past accomplishments.

Land and ocean productivity feedback: The 7 PgC emitted from fossil fuel
combustion and biomass burning represents only 4% of gross productivity of
terrestrial vegetation and oceans (20). Even small natural or anthropogenic
changes in the highly variable vegetation productivity, are likely to have a large
impact on atmospheric CO; (14). Global measurements of the land and oceanic
chlorophyll productivity are strong indicators of such changes. Satellites were
used to measure vegetation "greenness” indexes over land and ocean. The index
correlates with the rate of absorption of photosynthetic radiation, and with the
net primary production (21). The small ratio between man-made emissions and
gross productivity, leaves large room for land and ocean to mitigate or enhance
the man-made imbalance in the carbon cycle in the presence of human impact
on surface cover and climate change. The required high spatial resolution and
accuracy to assess this delicate balance, will be provided by EOS-AM: After
correction for cirrus clouds (22) and aerosol effects (23) using the new MODIS

and MISR capability, the MODIS 250 m resolution channels will be used for

11



detection of abrupt, daily changes in the vegetation cover (24). Once detected
EOS-AM will "zoom in" on the change using 15-90 m resolution ASTER and
Landsat data, to map them. MODIS multispectral data, and MISR multi angular
data will be used to document the spectral optical properties of the change (25),
to derive global vegetation classification, surface albedo and global net primary
productivity. To determine the possible causes of the change, e.g. drought or
deforestation, MODIS clouds and surface temperature data will be used to
correlate the land cover change with climate variability. CERES will document
the effects of the changes on the atmospheric radiation budget and MOPITT on
the atmospheric trace gas composition. The long term measurements will
document gradual changes in the vegetation component of the carbon cycle (14,

21).

Cloud Forcing: The Earth Radiation Budget Experiment (ERBE) yielded the first
onboard calibrated radiation budget data. ERBE settled an outstanding issue by
demonstrating (26) that clouds caused a large net radiative cooling of the planet.
In parallel, a comprehensive study (27) that compared 19 GCMs revealed large
differences in climate model predictions of cloud feedbacks in GCMs. These
developments confirmed that cloud feedback is a Gordian Knot of the climate
prediction problem (26). The next important step is to obtain high resolution
and calibrated measurements of cloud properties, simultaneously with
measurement of their radiative forcing for individual cloud systems as opposed
to the traditional approach of Eulerian averages. A reconstruction of cloud three
dimensional spatial structure, microphysics, radiative properties and forcing
will be attempted using MODIS, MISR and CERES. MODIS will determine the
daily cloud fraction using its unique spectral and spatial channels. A test of this

new concept, using present satellites have been undertaken (28) with very

12



encouraging results (Fig. 3). With the 3-D clouds derived from the MODIS and
MISR data and "zoomed in" by ASTER, we can use Monte-Carlo style radiative
transfer schemes to generate cloud forcing and radiative fluxes, which will then
be validated with CERES radiation data. Such 3-D reconstruction of clouds and
aerosols in them will finally enable us to understand the radiative forcing and
heating of realistic cloud systems, that will be used to improve climate models.
EOS-AM will also measure precipitable water vapor, surface and air temperature
- the main ingredients to understand the effect of seasonal and interannual

variability on cloud properties.

Atmospheric Water Vapor Greenhouse Effect: ERBE also enabled us to

determine the atmospheric column greenhouse effect, Ga, for the first time.

The radiative forcing due to greenhouse gases, is defined as the reduction in the
outgoing longwave radiation (OLR) to space by the atmospheric gases. ERBE
determined the clear sky OLR, and correlative data for surface temperatures and
surface emissivity yields the surface emission. The difference between the two is
ga, which is shown globally in Fig. 4, along with water vapor. Clearly there is a
strong similarity between Ga and water vapor, which demonstrates the role of
water vapor in regulating the atmospheric greenhouse effect. CERES on EOS-
AM, along with MODIS observations of water vapor will enable us to unravel

the dominant role of water vapor greenhouse effect in climate.

Aerosol Forcing: Satellites were used for semi-quantitative global monitoring of

aerosol distribution in one or two spectral channels (29). Aerosol has a distinct
spectral signature as demonstrated for the case of smoke in Fig. 5. Accurate
spectral satellite data are required to measure the highly variable aerosol

radiative forcing (30). Analysis of AVHRR data over the South American

13



biomass burning region shows that satellites can be used to measure the aerosol
effect on cloud droplet size and reflectance. In this case the smoke has only a
small radiative forcing due to the low cloud fraction during the dry season (14).
But if a small fraction of the smoke is transported to oceanic regions with low
natural CCN concentrations (31), and higher cloud fraction, the indirect forcing
can be substantial (of the order of -1W/m?). Sulfate aerosol can have a similar
effect on clouds and climate (16). But uncertainty in these estimates is about
factor of 4. Thus the aerosol-cloud interaction can wipe out present greenhouse
warming or be of marginal importance. EOS-AM together with ground based
remote (32) and in situ (33) measurements and with models of the aerosol
evolution will be used to reduce the uncertainty: Aerosol loading and properties
will be derived using independent techniques applied to MODIS and MISR. A
large array of ground based AErosol RObotic NETwork (AERONET) of
autonomous radiometers will be used to evaluate and complement the
spaceborne information (32,34,35). While MODIS uses daily coverage and wide
spectral range to monitor aerosol, their transport and interaction with clouds,
MISR observes aerosol simultaneously in several view directions, deriving
their angular scattering properties. A combination of aerosol and cloud
measurements by MODIS and MISR and regional flux measurements by CERES,
when combined with aerosol evolution models can be the recipe for reducing

the uncertainty in the aerosol forcing.

* Biomass burning for land clearing involves changes in the surface cover, narrow

fire fronts and generation of burn scars that are later on replaced with less dense
vegetation. The fires emit plumes of smoke particles and trace gases that
eventually cover millions of square kms. Burn scars (36) will be detected by

MODIS and MISR 250 m data and zoomed at with ASTER and Landsat. Fires are

14



measured by MODIS (37), smoke plumes by MISR and MODIS, trace gases (CO
and CH4) by MOPITT and the effects on the radiation budget by CERES (26).

* Expansion of urbanization will be detected by the 250 m MODIS, and MISR data

and zoomed at with ASTER and Landsat. The heat island effect of cities can be
detected by MODIS and CERES, emitted aerosol plumes by MISR and MODIS,
CO by MOPITT and the effects on the radiation budget by CERES. Effects of the
city and its air pollution on vegetation productivity in the surrounding regions

can be detected by MODIS and MISR.

* Ocean productivity, dust and climate change There is increasing evidence of the

need to understand the productivity of the phytoplankton in the ocean within
the framework of the complete Earth System. Productivity of the oceanic
phytoplankton is the beginning of the food chain in the ocean, but it is also the
main sink for atmospheric CO;, due to accumulation during the millenniums
of dead phytoplankton on the ocean floor. Therefore factors that determine its
productivity are very important. The productivity of the phytoplankton is
controlled by the availability of nutrients and sunlight but it is not fully
understood. El-Nino, by reducing the circulation of the water in the Pacific is
known for a century to reduce phytoplankton activity and fishery by reducing
supply of nitrates to the surface water. But in several locations despite high
nitrate concentrations the phytoplankton activity is low and iron supply from
dust transported from the desert and man-made land disturbances emerges as a
major factor (38). These studies required MODIS data on the oceanic
phytoplankton distribution and properties, corrected for aerosol and cirrus cloud

effects (22,23), accurate monitoring of the severity of dust (MODIS, MISR and
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AERONET), and accurate studies of cloudiness (MODIS and MISR), and
radiation budgets (CERES).

6. Conclusions

Like a person that goes for an annual health check-up somewhat belatedly
during adulthood, our planet will begin the process now. Analogous to modern day
diagnostics of three-dimensional imaging of the body in various electromagnetic
wavelengths, EOS-AM and other international satellites will spectrally image three-
dimensional structure of the planet. Advances in theory and in-situ observations
will enable us to convert the spectral images in terms of environmental parameters,
including: the distribution of pollution in the air, land and ocean; the fraction of
natural undisturbed biota; the fraction that is influenced by humans; the
interactions between atmosphere, land and oceans. The resulting data, when
integrated with ongoing in-situ data collection over the oceans, cryosphere, land and

atmosphere, will propel the field in two major directions.

e Modern day coupled ocean-atmosphere models have begun to incorporate
the physics, chemistry, biology and dynamics of the coupled land-ocean-atmosphere
system at a resolution of 50 to 100 km. It is not inconceivable that, with the advance
of parallel processor computer technology, the resolution will be fine enough (= 10
km) to resolve coastlines, mountain ranges, and most cloud systems and circulation
and currents in the ocean. The primary tool for initialization and evaluation of
these models will be the EOS-AM data integrated with other measurements. Some
of the Earth processes may be found to be too complex to be modeled and an attempt

will be made to measure and parametrize them from EOS-AM.
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* We will be able to assess the human impact more accurately, by analyzing
EOS-AM data in conjunction with longer term ground based measurements and
field experiments; in particular the anthropogenic forcing of climate from smoke
aerosols, urban pollution, land disturbance, cloud and water vapor greenhouse
effect variability. With an accurate estimate of present day anthropogenic forcing,
we should be able to derive the cumulative change for the last 100 years, and use it
as input for climate model forecast and compare with the change in the recorded

temperature record.

As a note of caution, currently there is a lack of a concerted effort at
integrating the various global data sets with EOS-AM data. Such integration is
necessary to distill the needed understanding from this formidable data set of over
several trillion bits. It is a challenge for us to maintain and use this data record
wisely and answer in a much broader sense, the question posed by Arrhenius a
century ago: "Is the mean temperature of the ground in any way influenced by the

presence of the heat-absorbing gases in the atmosphere?
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Figure legends:

Fig. 1: Exponential increase in the world population growth in the last 400 years, and

the corresponding change in the emission of CO; and sulfur.

Fig 2: (a) AVIRIS simulation of the MODIS new 1.375 um cirrus channel (22). Top -
image of an ocean-land region at 0.66 um indicating the presence of thin
clouds. middle - same image at 1.375 pm, observing high clouds only, due to
the strong water vapor absorption in the lower troposphere in this channel.
Bottom image is the same as in top but corrected for the cirrus effect.

(b): Aircraft simulation of an ASTER image of Death Valley, California, 60 x 60
km. This image is draped over digital elevation data to produce the 3-D
perspective view that will be available from ASTER (A. Kahle, personal
communication). Top: visible, middle infrared and short wavelength infrared
bands used for the color display of the surface composition: green - vegetation;
blue - wet or standing water; orange - iron-rich volcanic rocks; brown, pink,
blue gray - volcanic and sedimentary rocks. Bottom: multispectral thermal
infrared bands for new surface composition and more accurate surface
temperature determinations. red - quartz-rich outcrops and alluvial fans; dark
green, gray, and blue - other volcanic and sedimentary rock types; light green -
salt deposits on the valley floor.

(c) Color composite images taken by the AirMISR instrument on August 25,
1997 of the area surrounding Moffett Field, California (39) covering an area of
10 km on a side, acquired from NASA ER-2 aircraft at 20 kms altitude. The
imaged area straddles the waters of San Francisco Bay near the inlet of Coyote
Creek, mudflats, marshes, tidelands that are in part utilized as salt evaporation

ponds, and urban areas of Mountain View, Sunnyvale. North is toward the top
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of these images, and the sun is shining roughly from the south. For the left
image, the camera was pointing at 26° forward of nadir, whereas the right
image was taken with the camera pointing 26° aftward of nadir. The rivers and
tidal areas are brighter in the forward-viewing (left) image, illustrating that
these wet surfaces produce mirror-like reflections that are observable at this

viewing geometry.

Fig. 3: Three-dimensional (3-D) reconstruction of cloud systems over the western
Tropical Pacific ocean from AVHRR satellite images. The visible reflectances,
in combination with in-situ microphysics data were used to obtain cloud
thickness. The infrared radiances over cloud centers were used to get cloud top
heights. A detection and spread algorithm (28) was used to demarcate cloud
boundaries. Altitude of thin clouds are assumed to be the same as that of
neighboring or attached thick clouds. The accuracy of the 3-D reconstruction
shown here can be improved significantly with the MODIS channels, in

particular the cirrus unmasking technique shown earlier in the text.

Fig. 4: Comparison between global observations of atmospheric greenhouse effect,
ga, (top panel) and total precipitable water vapor (lower panel). ga is the
reduction in the outgoing longwave radiation (OLR) due to the atmospheric
greenhouse gases. It is derived from the difference between the OLR and the
surface emitted radiation. The later is computed using correlative data of

surface temperature and emissivity (40).

Fig. 5: Fig. 5: Large fire near Cuiaba on Aug. 25, 1995 taken from the ER-2 AVIRIS
instrument (identified by from Robert Green from JPL) during the SCAR-B

experiment. The image is 10x20 km and 20 m resolution. Top image - heavy
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smoke emitted from the fire and flowing over Cuiaba. It resembles human
vision and is composed of 0.47 um (blue), 0.55 um (green) and 0.66 pm (red).
Bottom image - is for 2.1 um (blue), 1.2 pm (green) and 1.65 pm (red). The
smoke is almost transparent in these longer wavelengths and the fire is clearly
seen with its 3 main temperatures zones (blue - glowing, purple - smoldering -
emitting the heavy smoke, and white - the fire front). It is much easier to
observe the surface features in the long wavelengths that penetrates the smoke.
The solar zenith angle is 36°. The background optical thickness was 0.16 at 0.65
pum. The smoke optical thickness is on average higher by 0.6 from background,

reflecting an additional 43 w/m?2 of solar radiation back to space.
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Cover picture: An artist’s rendering of EOS-AM

Here, MODIS is illustrated collecting Normalized Difference Vegetation Index and
sea surface temperature data.
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Fig. 1: Exponential increase in the world population growth in the last 400 years, and
the corresponding change in the emission of CO; and sulfur.



Fig. 2a: AVIRIS simulation of the MODIS new
1.375 pm cirrus channel (22). Top - image of an
ocean-land region at 0.66 pm indicating the
presence of thin clouds. middle - same image at
1.375 um, observing high clouds only, due to the
strong water vapor absorption in the lower
troposphere in this channel. Bottom image is the
same as in top but corrected for the cirrus effect.

Fig 2b: Aircraft simulation of an ASTER image of
Death Valley, California, 60 x 60 km. This image
is draped over digital elevation data to produce
the 3-D perspective view that will be available
from ASTER (A. Kahle, personal communication).
Top: visible, middle infrared and short
wavelength infrared bands used for the color
display of the surface composition: green -
vegetation; blue - wet or standing water; orange -
iron-rich volcanic rocks; brown, pink, blue gray -
volcanic and sedimentary rocks. Bottom:
multispectral thermal infrared bands for new
surface composition and more accurate surface
temperature determinations. red - quartz-rich
outcrops and alluvial fans; dark green, gray, and
blue - other volcanic and sedimentary rock types;
light green - salt deposits on the valley floor.



Fig. 2c: Color composite images taken by the
AirMISR instrument on August 25, 1997 of the area
surrounding Moffett Field, California (39)
covering an area of 10 km on a side, acquired from
NASA ER-2 aircraft at 20 kms altitude. The
imaged area straddles the waters of San
Francisco Bay near the inlet of Coyote Creek,
mudflats, marshes, tidelands that are in part
utilized as salt evaporation ponds, and urban
areas of Mountain

View, Sunnyvale. North is toward the top of these
images, and the sun is shining roughly from the
south. For the left image, the camera was pointing
at 26° forward of nadir, whereas the right image
was taken with the camera pointing 26° aftward
of nadir. The rivers and tidal areas are brighter in
the forward-viewing (left) image, illustrating
that these wet surfaces produce mirror-like
reflections that are observable at this viewing
geometry.



Fig. 3: Three-dimensional (3-D) reconstruction of cloud systems over the western
Tropical Pacific ocean from AVHRR satellite images. The visible reflectances, in
combination with in-situ microphysics data were used to obtain cloud thickness.
The infrared radiances over cloud centers were used to get cloud top heights. A
detection and spread algorithm (28) was used to demarcate cloud boundaries.
Altitude of thin clouds are assumed to be the same as that of neighboring or
attached thick clouds. The accuracy of the 3-D reconstruction shown here can be
improved significantly with the MODIS channels, in particular the cirrus
unmasking technique shown earlier in the text.



Fig. 3: Three-dimensional (3-D) reconstruction of cloud systems over the western
Tropical Pacific ocean from AVHRR satellite images. The visible reflectances, in
combination with in-situ microphysics data were used to obtain cloud thickness.
The infrared radiances over cloud centers were used to get cloud top heights. A
detection and spread algorithm (28) was used to demarcate cloud boundaries.
Altitude of thin clouds are assumed to be the same as that of neighboring or
attached thick clouds. The accuracy of the 3-D reconstruction shown here can be
improved significantly with the MODIS channels, in particular the cirrus
unmasking technique shown earlier in the text.

Fig. 4: Comparison between global observations of atmospheric greenhouse effect,
ga, (top panel) and total precipitable water vapor (lower panel). ga is the
reduction in the outgoing longwave radiation (OLR) due to the atmospheric
greenhouse gases. It is derived from the difference between the OLR and the
surface emitted radiation. The later is computed using correlative data of
surface temperature and emissivity (40).



Fig. 5: Large fire near Cuiaba on
Aug. 25, 1995 taken from the ER-2
AVIRIS instrument (identified by
from Robert Green from JPL)
during the SCAR-B experiment.
The image is 10x20 km and 20 m
resolution. Top image - heavy
smoke emitted from the fire and
flowing over Cuiaba. It resembles
human vision and is composed of
0.47 um (blue), 0.55 pm (green) and
0.66 um (red). Bottom image - is for
2.1 pm (blue), 1.2 pm (green) and
1.65 um (red). The smoke is almost
transparent in these longer
wavelengths and the fire is clearly
seen with its 3 main temperatures
zones (blue - glowing, purple -
smoldering - emitting the heavy
smoke, and white - the fire front). It
is much easier to observe the
surface features in the long
wavelengths that penetrates the
smoke. The solar zenith angle is
36°. The background optical
thickness was 0.16 at 0.65 pm. The
smoke optical thickness is on
average higher by 0.6 from
background, reflecting an
additional 43 w/m?2 of solar
radiation back to space.



